Abstract Pheromone based monitoring of insects of conservation value has the potential to revolutionise the way in which surveys are carried out. However, due to their effective use in pest management, concerns have been raised about potential negative effects of pheromone exposure on populations of rare insects. The effect of exposure to synthetic pheromone lures on male mating behaviour was examined in laboratory and field conditions using the six spot burnet moth Zygaena filipendulae (Linnaeus, 1758). For the laboratory experiment larvae were collected and cultured separately under controlled conditions. Virgin males were exposed to a synthetic pheromone lure for 24 h; then tested for responsiveness immediately after this exposure, 1 and 24 h later. Control males were tested three times: initially, 1 h later and 24 h later. The time taken for males to detect females, shown by exposure of their anal claspers, and the time taken for males to locate females were recorded. No significant difference was found between the time taken for control and exposed males to detect or locate females, and no significant difference between the proportions of males that successfully located females in exposed and control groups was found. In the field experiment the time males spent in the presence of contained females, both with and without a pheromone lure present, was recorded. Males spent more time in the presence of the females when the pheromone lure was present. Both experiments indicate male Z. filipendulae mating behaviour is not adversely affected by exposure to synthetic pheromone lures.
Introduction
Insect sex pheromones are a well-established form of pest management and are used across the world (Witzgall et al. 2010; Miller et al. 2010; Onufrieva et al. 2010; Stelinski et al. 2013 ). The potential of using synthetic insect pheromones to monitor and control pest insects in an environmentally friendly way was proposed soon after the commercial silk moth, Bombyx mori (Linnaeus, 1758) pheromone was identified in 1959 (Hansson 1995; Bergmann et al. 2009; Witzgall et al. 2010) . Pheromones have been used in pest management of insects for decades, the main applications being trapping insects to monitor their activity and mating disruption (El-Sayed and Suckling 2005; Larsson and Svensson 2009; Andersson 2012; Andersson et al. 2014) . Historically, insect pheromone research has focussed on species considered to be commercially important; in particular agricultural, stored product and forestry pests (Campbell et al. 2002; Stelinski et al. 2005a, b; Bergmann et al. 2009 ). However more recently the potential use of pheromones to monitor insects for conservation purposes is being explored with Osmoderma eremita (Scopoli, 1763) becoming the first insect species whose sex pheromone was identified purely for conservation Svensson et al. 2009; Andersson 2012; Andersson et al. 2014) .
Just as in the case of monitoring pest species, the incredible attractiveness and species-specificity of pheromones makes them potentially useful tools in monitoring insects for conservation purposes (Musa et al. 2013) . Once the specific pheromone blend has been identified, pheromone based trapping can be used to monitor rare insects of conservation concern and those that have been identified as indicator species (Andersson 2012; Andersson et al. 2014) . Currently sampling methods such as pitfall traps and sweep netting are used to survey areas of conservation interest; however these are time consuming and dependent on the presence of taxonomic experts to identify the species found Andersson et al. 2014) . The speciesspecific nature of pheromone blends overcomes the need for experts to be present and the attractiveness of pheromones yields a higher degree of accuracy in the data obtained: an empty pheromone trap suggests the absence of a species much more strongly than an empty pit fall trap, for example (Musa et al. 2013) . Pheromone-based monitoring can result in more effective surveys, even with bold day flying moths such as Zygaena spp., which are attracted to lures in far greater numbers, establishing occupancy in places where standard searching cannot (unpublished data). Consequently pheromone based monitoring of insects has the potential to revolutionise the way in which conservation surveys are carried out and greatly improve the accuracy of data obtained.
However, the behaviour modifying properties of pheromones which have been utilised so effectively in insect pest control by mating disruption cannot be ignored when considering using pheromones to monitor insects for conservation purposes. Mating disruption strategies are most effective at low population densities (Sharov et al. 2002) . Consequently exposure to synthetic pheromones could prove detrimental to populations of rare insects occurring at low population densities and jeopardise their conservation (Sharov et al. 2002; Witzgall et al. 2008) . The synthetic pheromone has to be present in sufficient quantities to successfully disrupt mating; for example a density of 27,300 wax droplet pheromone dispensers per ha is needed to effectively disrupt mating in Grapholita molesta (Busck, 1916) (Stelinski et al. 2005a, b; Tcheslavskaia et al. 2005; Witzgall et al. 2008) . While the density of pheromone lures used in monitoring for conservation purposes is considerably lower, this is not to say that the populations will not be affected. Pheromones are used to disrupt mating in a number of ways including false plume following (Stelinski et al. 2004; Welter et al. 2005; El-Sayed and Suckling 2005; Stelinski 2007; Huang et al. 2010 ), competitive attraction (Welter et al. 2005; Stelinski 2007 ), camouflage of plumes produced by females (Stelinski et al. 2004; ElSayed and Suckling 2005) and impaired or eliminated normal responses to the pheromone (Stelinski et al. 2004; Welter et al. 2005; El-Sayed and Suckling 2005; Stelinski 2007 ). The change in response is caused by sensory overload and results in adaptation of the peripheral receptors or habituation of the central nervous system (Stelinski et al. 2004; El-Sayed and Suckling 2005; Evenden et al. 2005; Stelinski 2007; Witzgall et al. 2008) .
This study examines whether male Zygaena filipendulae (Linnaeus, 1758) become desensitised to the pheromone produced by the female after exposure to synthetic pheromone lures and whether the presence of synthetic pheromones in the field affects males' normal responses to the female. Desensitisation was investigated by testing whether mating behaviour has been affected as a consequence of exposure. The effects of adaptation of the peripheral receptors are usually reversible and short lived (Stelinski et al. 2004 ) so males in this study were tested on three occasions to determine how long-lived desensitisation was and if it was reversible. To establish whether exposure to synthetic pheromone lures affects mating behaviour in male Z. filipendulae, mating behaviour was considered from three perspectives: whether exposure interferes with a male's ability to detect the female; whether exposure impedes a male's ability to locate the female; and whether a higher proportion of males were unable to detect and locate females after exposure. A field experiment examined whether the synthetic pheromone lure competed with males' attraction to female produced pheromone plumes. The amount of time a male spent in the presence of a contained female was recorded both with and without a synthetic pheromone present.
Method Study species
Burnet moths (Zygaenidae) have declined throughout Western Europe and have been considered as indicator species for semi-natural grassland habitats (Franzén 2002; Franzen and Ranius 2004; Franzen and Nilsson 2012; Hein et al. 2007) . Z. filipendulae is the most common species found in Great Britain and was chosen for this study due to its status and accessibility.
Pheromone lures
The pheromone compounds for Z. filipendulae are Z7-12:Acetate, Z9-14:Acetate and Z5-12:Acetate in a ratio of 100:10:3 (Priesner et al. 1984) . The pheromone compounds were obtained from Pherobank and hexane was used as a solvent to make up the blend to the correct concentration. Supelco butyl rubber septa with a 13 mm diameter sourced from Sigma-Aldrich were used as lures and 200 ll of the blend was added to each. Each 200 ll hexane, and therefore each lure, contained 0.1 mg of Z7-12Ac, 0.01 mg of Z9-14Ac and 0.003 mg of Z5-12Ac. Once the hexane had evaporated lures were wrapped in tin foil and placed in the freezer until required.
Desensitisation
Larvae culturing 104 third, fourth and fifth instar Z. filipendulae larvae were collected from a small wild flower garden at Canterbury Christ Church University, Kent. The larvae were separated into individual petri dishes so they would pupate and emerge separately, thus ensuring that all moths tested would be virgins. The larvae were fed their food plant Lotus corniculatus (Linneaus, 1758) three times daily and excrement was removed from the petri dishes once a day. Once the larvae pupated the lid was removed from the petri dish and the petri dish placed in a clear plastic container measuring 17.8 9 11.5 9 4.4 cm. Holes 1.5 cm apart were made in the lid of the container using a pin. Removing the lid of the petri dish and placing it in a larger container ensured that the adult moths would be able to emerge properly (as the petri dish itself was too small to allow the moths to fan their wings out on emergence). Moths emerged between 30/06/2013 and 19/07/2013. Once emerged the moths remained in the plastic containers and were fed on a very dilute sugar solution of approximately 1 g/l administered on cotton wool pieces. After emerging, the moths were sexed by sight: females have a shorter and rounder abdomen than males.
Exposure to pheromone blend
The males were divided into two groups: one that would be exposed to the pheromone blend and a control. In field studies males would be likely to be exposed to a pheromone lure in a trap for a maximum of 24 h, consequently in this experiment, males were exposed to the pheromone lure for 24 h in order to reflect a realistic scenario. In pheromone traps commonly used to trap moths in the field the insect is not in direct contact with the lure. However in this study to test the effect of maximum exposure, the lure was placed in the plastic container with each individual, enabling the moth to make direct contact with it, thus receiving maximum exposure. Males were exposed to the pheromone lure within 72 h of emergence. An empty rubber septum was also placed in the plastic container with the control males for 24 h within 72 h of emergence. Exposed males were kept in a separate area to the control group in order to ensure that the controls did not receive any exposure to the pheromone lure.
Mating tests
To test the effect of exposure to pheromone lures on male mating behaviour the following set up was used. A male was placed in the front left side of a BugDorm-44545F insect cage measuring 47.5 9 47.0 9 47.5 cm and the female was in a plastic container measuring 17.8 9 11.5 9 4.4 cm at the rear right corner of the tent. The lid was removed from the female's container and replaced with a plastic mesh cover. Keeping the female in the container ensured she was unable to move towards the male. This set up can be seen in Fig. 1 .
Male and female moths were paired for the experiment so each male was tested with the same female on each occasion. The contained female was placed in the cage before the male was released. The time taken for a male to reach the female was recorded to determine the males' ability to locate the females. The time taken for a male to detect the female (shown by the exposure of the anal claspers) was also noted, as were other calling behaviours such as wing fanning. The test was stopped if the male did not expose his claspers or display calling behaviours within 30 min. Tests were carried out on exposed males 24 h after their initial exposure to the pheromone lure, then again 1 h and 24 h later to determine whether the possible desensitising effect of exposure would decrease over time. Control males were also tested three times: an initial test, 1 h later and 24 h later. Exposed and control males were tested in separate areas using separate cages. Between each test the cage was thoroughly cleaned using industrial methylated spirit. Tests were conducted between 12.00 and 17.00 as the moths are most active during this period of time. A total of 14 exposed males and 14 control males were tested.
Competitive attraction in the field
The experiment was carried out at Reculver Country Park, Herne Bay, Kent. 7 Z. filipendulae females were caught on site and placed in individual plastic containers measuring 17.8 9 11.5 9 4.4 cm. The lid of each container was removed and replaced with plastic mesh to allow aeration. A small amount of damp foliage was added to each container to provide moisture and shelter. These were referred to as mating stations. Each mating station was attached to a bamboo cane elevating it to a height of 1 metre above the ground, as can be seen in Fig. 2 . The mating stations were spaced out at 2 m intervals in a semi-circle around a central observation point. The mating stations were allocated a number (1-7) to aid in recordings. This set up is illustrated in Fig. 2 . The time at which males entered into an approximately 20 cm radius of a mating station and the time of leaving this area were recorded so the amount of time males spent at the mating station could be calculated. Where multiple males were present at the same mating location the first entry for arrival was assumed as the first to leave. Though this may have not always been the case it was the standard used throughout. 2 days of recording on 16/07/2014 and 17/07/2014 between 13.30 and 17.30 were carried out: the first day without a synthetic pheromone lure present, the second in the presence of a synthetic pheromone lure.
When recording in the presence of the pheromone lure the same mating stations were placed in the same locations. Females were assessed for health and subsequently used again. The pheromone lure was attached to a bamboo cane to raise it 1 m from the ground and placed 2 m behind the observation point. The same criterion for recording was used at the mating stations. A recording of the number of individuals at the pheromone lure was taken at 15 min intervals throughout the observation period.
Statistical analysis
Anderson-Darling normality tests were carried out on the data. General Linear Model analyses were performed on the time taken for males to expose their anal claspers and the time taken for males to reach the female in order to determine whether the males' ability to detect and locate females was affected by exposure to pheromones. A Chi squared test was used to compare the proportions of males successfully locating the female in exposed and control groups. A two sample t test was carried out on the amount of time males spent at mating stations with and without the pheromone present.
Results

Desensitisation
Males' detection of females
The mean times taken for exposed and control virgin males to detect virgin females in each test period are shown in Fig. 3a .
No significant difference (F 1 = 0.93, p = 0.339) was found between the time taken for exposed males and control males to detect the female and expose their anal claspers. No significant difference (F 2 = 0.69, p = 0.508) was found between the time males spent detecting the female when comparing immediate, 1 and 24 h time points.
Males' location of females
The mean times taken for exposed and control virgin males to locate virgin females in each test period are shown in Fig. 3b . No significant difference (F 1 = 0.05, p = 0.819) was found between the time taken for exposed males and control males to locate the female. No significant difference (F 2 = 0.67, p = 0.513) was found between the time males spent locating the female when comparing immediate, 1 and 24 h time points.
Proportion of successful locations of female
The proportion of exposed and control virgin males that successfully located virgin females in each test period is shown in Fig. 3c . No significant difference (X 2 (1, N = 28) = 0.159, p = 0.690) was found between the proportions of males which successfully located the females in exposed and control groups.
Competitive attraction in the field
The duration of males' visits to females with and without a synthetic pheromone lure present is shown in Fig. 2 . A significant difference (t(268) = -2.98, p = 0.003) was found between the duration of the males' visits to females when the synthetic pheromone lure was present and when it was absent. Males' visits to females had the longest duration when the synthetic pheromone lure was present.
Discussion
A general linear model showed no significant difference between the time taken for males to detect and locate females in exposed and control groups. This shows ability to detect and locate females is not impaired by exposure to synthetic pheromones. A Chi squared test found no significant difference between the proportions of males in exposed and control groups successfully locating females. Thus control males were no more likely to locate the female than exposed males. This demonstrates that not only can a male detect and locate a female in the same amount of time whether exposed or not but a male is equally likely to locate the female whether exposed or not. Thus no desensitising effect resulted from exposure to synthetic pheromones in this experiment and the male was not desensitised to the presence of the female. This study therefore found no direct evidence that synthetic pheromone exposure desensitises males to female-produced pheromones. A two-sample t test found a significant difference between the time males spent in the presence of females when a synthetic pheromone lure was present and when it was absent. Males spent longer periods of time in the presence of females when the pheromone lure was present. This could indicate that males were attracted to the area by the synthetic pheromone lure and then became aroused by the presence of the strong synthetic blend. Nevertheless it is clear that they are capable of locating a female. Therefore no evidence was found of competitive attraction and the presence of a synthetic pheromone lure did not adversely affect male mating behaviour.
Lepidoptera are sensitive indicators of habitat quality and environmental change and burnet moths in particular are considered to be important umbrella species for seminatural grassland habitats (Schmitt 2003; Spitzer et al. 2009; Rakosy and Schmitt 2011) . Strong correlations have been found between burnet moths and species richness of butterflies and they have been suggested as indicator species for semi-natural grasslands (Franzén 2002; Franzen and Ranius 2004; Hein et al. 2007 ). Monitoring their populations accurately using pheromones without adverse effects would provide information regarding the moths' distribution and population dynamics. Additionally, insights into the presence and absence of other species of the same habitats and their population dynamics and distribution could be gained based on the presence or absence of burnet moths. Semi-natural grassland habitats have substantially decreased across Europe over the last 100 years and burnet moths have been in decline throughout Western Europe for the past 50 years (Franzen and Ranius 2004; Franzen and Nilsson 2012) . Given the decline in burnet numbers and the fact that many species inhabiting seminatural grassland are now red listed, it is essential to monitor these species accurately to provide the most effective conservation strategies (Franzen and Ranius 2004; Franzen and Nilsson 2012) . This is particularly important as the rate of habitat change and loss of semi-natural grasslands in Europe is placing a great selection pressure on the species occupying these areas and it will be vital to understand the effects of these changes in order to promote survival of the species affected (Franzén 2002; Franzen and Nilsson 2012) .
Currently knowledge of the ecology of burnet moths is patchy, creating a problem with using them as biodiversity indicators (Franzen and Ranius 2004) . Knowledge of their distribution across Europe is incomplete and the temporal and spatial responses of burnets to environmental changes are unknown (Franzen and Ranius 2004) . Pheromone based monitoring without impacting populations has the possibility of rectifying this as many sites can be surveyed with much less effort and expense than traditional sampling methods. Once understanding of the burnet moths' ecology has increased, their potential as biodiversity indicators for semi-natural grasslands can be realised.
Pest management use of pheromones exploits other aspects of mating disruption that are also of interest. Males that have landed directly on the pheromone lure can become contaminated with the pheromone and consequently act as false females attracting males (Nansen et al. 2007 ). This is utilised to disrupt mating in Lobesia botrana (Denis and Schiffermüller, 1775) (Nansen et al. 2007) . Females are also affected by exposure to synthetic pheromone lures (Stelinski et al. 2004 ). Currently little is known about the effects of exposure but female calling behaviour has been found to be inhibited or disrupted (Stelinski et al. 2004) . Calling behaviour in female Spodoptera littoralis (Boisduval, 1833) is significantly disrupted by exposure to synthetic pheromones and in Adoxophyes sp. and Homona magnanima (Diakonoff, 1948) exposure leads to a delay in calling behaviour and consequently a delay in mating (Stelinski et al. 2004 ). It would be beneficial for future studies to investigate these effects.
Other potential impacts of pheromone exposure besides those associated with mating disruption may be worthwhile to consider. The presence of female sex pheromones has been found to interfere with male moths' normal responses to predation risk (Skals et al. 2005) . A study carried out by Skals et al. (2005) concurrently exposed male S. littoralis moths to female sex pheromones and bat sounds, replicating a predation risk. It was found that males became less responsive to the predation risk as the amount of pheromone increased (Skals et al. 2005) . This shows that if a male has detected con-specific female sex pheromone he will not attempt to avoid an approaching bat (Skals et al. 2005) . This increased vulnerability to predation could prove damaging to populations being monitored using pheromones. Recently it has been found that exposure to pheromones can adversely affect lifespan (Gendron et al. 2014) . Decreased fat stores, reduced resistance to starvation and a reduced lifespan were observed in male Drosophila melanogaster (Meigen, 1830) exposed to female sex pheromones (Gendron et al. 2014) . Although these effects were reversed by mating (Gendron et al. 2014) ; the possible impacts on lifespan should be considered when proposing to expose insects of conservation value to pheromones.
Conclusions
While this study found Z. filipendulae males were not desensitised by exposure to synthetic pheromone lures nor did the presence of a lure in the field adversely affect their ability to locate a female, other mechanisms of mating disruption may impact populations being monitored by pheromones for conservation purposes. These are worthy of investigation before declaring pheromone monitoring of rare insects to be completely safe and to have no impact on the population. Nevertheless a lack of desensitisation and competitive attraction affecting mate location in burnet moths has been demonstrated. This is encouraging given the potential value of pheromones to conservation.
